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EDVHG K\SHUJUDSK FOXVWHULQJ DOJRULWKP WRPLQH WKH QHWZRUN VHFXULW\ ORJ DQG WKHQ LPSURYH WKLV DOJRULWKPZLWK D
V\QWKHWLFPHDVXUHRIK\SHUHGJHZHLJKWDQGWZRRSWLPL]DWLRQIXQFWLRQVRIFOXVWHULQJUHVXOW7KHH[SHULPHQWDOUHVXOWV
VKRZWKDWWKHV\QWKHWLFPHDVXUHDQGRSWLPL]DWLRQIXQFWLRQVFDQSURPRWHVLJQLILFDQWO\WKHFRYHUDJHDQGSUHFLVLRQRI







$OWKRXJK QHWZRUN RIIHUV KLJK HIILFLHQF\ DQGSXEOLF VHUYLFH IRU SHRSOH LWV VHFXULW\ DOVR DULVHVPXFK
DQ[LHWLHV$WFXUUHQWWLPHPRUHDQGPRUHQHWZRUNVHFXULW\WKUHDWVZHOOXSHJFRPSXWHUYHUVXVVSUHDGLQJ
WR QHWZRUN VSDP IORRGLQJ DFURVV XVHUV
 PDLOER[HV KDFNHU QXPEHU JURZLQJ H[SRQHQWLDOO\ KDUPIXO
LQIRUPDWLRQSURSDJDWLQJZLWKQHZPDQQHUVDQGVRRQ+RZWRFRQVROLGDWHWKHVHFXULW\RIQHWZRUNEHFRPHV
DKRWWRSLF1HWZRUNVHFXULW\ORJLVDNLQGRIGLJLWDOWUDFHSURYLGLQJDSOHQW\RIYDOXDEOHLQIRUPDWLRQDERXW
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QHWZRUN VHUYHUV7KHUHIRUH LW
V DQ XUJHQW WDVN WR DQDO\]H WKHVH QHWZRUN VHFXULW\ ORJV WR VWUHQJWKHQ WKH
VHFXULW\RIQHWZRUN
5HJDUGLQJWRWKHODUJHVFDOHDQGKLJKGLPHQVLRQIHDWXUHVRIQHWZRUNVHFXULW\ORJWKLVSDSHUSUHVHQWVDQ
RSWLPL]HG K\SHUJUDSK FOXVWHULQJ DOJRULWKP WR PLQH WKHVH QHWZRUN VHFXULW\ ORJ 6SHFLILFDOO\ RXU
FRQWULEXWLRQVDUHDVIROORZV
)LUVWZHGHVLJQDIUHTXHQWDWWDFNVHTXHQFHEDVHGK\SHUJUDSKFOXVWHULQJDOJRULWKPWRKDQGOHDPDVVRI
KLJK GLPHQVLRQDO QHWZRUN VHFXULW\ ORJ DQG SURYLGH D GDWD SURFHVVLQJ  DSSURDFK IRU LPSOHPHQWLQJ WKH
LQWUXVLRQDQGDFWLYHIRUHZDUQLQJRIQHWZRUNV\VWHP
6HFRQGZH LPSURYH WKHSURSRVHG DOJRULWKPZLWK D V\QWKHWLFPHDVXUHRI K\SHUHGJHZHLJKW DQG WZR
RSWLPL]DWLRQ IXQFWLRQV RI FOXVWHULQJ UHVXOW DQG LQFUHDVH WKH FRYHUDJH DQG SUHFLVLRQ RI IUHTXHQW DWWDFN
VHTXHQFHEDVHGK\SHUJUDSKFOXVWHULQJDOJRULWKP
7KHUHVWRIWKLVSDSHULVRUJDQL]HGDVIROORZV:HEHJLQZLWKVRPHEDVLFNQRZOHGJHLQ6HFWLRQDQG
















































DWWDFN VRXUFH ,3RIDWWDFN URXWHSDWKRIDWWDFN WDUJHW ,3RIDWWDFNSRUWQXPEHURIDWWDFNSURWRFRORI
DWWDFNDQGVRIRUWKDQGLVXQLTXHO\GHQRWHGE\LWVUHFRUGLGHQWLILHU:HDGRSWWKH$SULRULDOJRULWKPWRILQG




'LVWDQFHEDVHG WUDGLWLRQDO PHWKRG FDQ RQO\ UHIOHFW WKH VLPLODULW\ RI WZR GDWD SRLQWV DQG \HW WKH
DVVRFLDWLRQ UXOHV FRQVWLWXWHG E\ WZR IUHTXHQW DWWDFN VHTXHQFHV FDQ GHVFULEH HDVLO\ WKHLU VLPLODULW\
7KHUHIRUH FRQVWUXFWLQJ D K\SHUJUDSK ZLWK IUHTXHQW DWWDFN VHTXHQFHV FDQ FOXVWHU WKH KLJK GLPHQVLRQDO
QHWZRUNVHFXULW\ORJ
:KHQ FRQVWUXFWLQJ WKH K\SHUJUDSK + 9( 9 LV PDGH XS RI DOO IUHTXHQW DWWDFN VHTXHQFHV ( LV
FRQVLVWHGRIDOODVVRFLDWLRQUXOHVZLWKDQ\WZRIUHTXHQWDWWDFNVHTXHQFHV7KUHHSURSHUWLHVPD\DFWDVWKH
































6LPLODUO\ WKLVPHWKRGZLOO DOVR VRPHWLPHVPDNH D ELDV EHFDXVH WKH FRQILGHQFH RI 6Lĺ6M FDQ RQO\
UHIOHFWWKHFORVHQHVVEXWQRWWKHIUHTXHQF\RIWZRIUHTXHQWDWWDFNVHTXHQFHVFRUUHVSRQGLQJWR6Lĺ6M





























7KH V\QWKHWLF LQWHUHVW LV VKRZQ DV WKH HTXDWLRQ  DQG WKH YDOXH RI . LV XVXDOO\ VHW WR 
OQOQVXSSRUW6Lĺ6MDVGHIDXOW


































































+HUHLQ& LVDFOXVWHU WKDW LQFOXGHVPK\SHUHGJHVZLWKQK\SHUHGJHVFXWRII7KHUHDUHWZRSUREOHPV
ZLWK ILWQHVV& )LUVW LW FDQQRW SDUWLWLRQ D VSDUVH K\SHUJUDSK LQWR UHDVRQDEOH FOXVWHU QXPEHU 6HFRQG LW
VRPHWLPHV SDUWLWLRQV WZR YHUWH[HV LQWR GLIIHUHQW FOXVWHUV WKDW RULJLQDOO\ VKRXOG EH LQ WKH VDPH FOXVWHU
+HQFHWKHFOXVWHULQJUHVXOWQHHGVVRPHIXUWKHURSWLPL]DWLRQV7KHFRPPRQRSWLPL]DWLRQVWUDWHJLHVLQFOXGH
DWWHVWLQJWKHJRRGQHVVRIFOXVWHUVUHMHFWLQJLWHPVZLWKVPDOOFORVHQHVVDQGDGGLQJVRPHSUHIHUUHGLWHPV

















7KH JRRGQHVV RI D FOXVWHU LV WKH WRWDOZHLJKW UDWLR RI DOO K\SHUHGJHV LQ WKH FOXVWHU WR DOO K\SHUHGJHV
UHIHUUHGE\ DQ\ IUHTXHQW DWWDFN VHTXHQFH LQ WKHFOXVWHU>@ ,I WKH JRRGQHVVRI D FOXVWHU LVELJJHU WKDQ WKH
JLYHQ WKUHVKROG WKHQ ZH WKLQN WKH FOXVWHU LV JRRG 2WKHUZLVH ZH XVH VRPH SDUWLWLRQLQJ DOJRULWKPV WR
SDUWLWLRQWKHFOXVWHUDJDLQXQWLOLWVJRRGQHVVLVELJJHUWKDQWKHJLYHQWKUHVKROG

















DQDO\VLV ZH PRGLI\ WKH +0(7,6 ZLWK WZR RSWLPL]DWLRQ IXQFWLRQV WR SDUWLWLRQ D K\SHUJUDSK LQ RXU
SURSRVHGDOJRULWKP









LV OHVV WKDW  RU ELJJHU WKDQ  DQG WKH OHQJWK LV VKRUWHU WKDQ  ,Q DGGLWLRQ WKH VXSSRUW RI WKH
$SULRULDOJRULWKPLVVHWWRWKHGHSWKRIVOLSSLQJZLQGRZVLVVHWWRWKHFRQQHFWLYLW\WKUHVKROGRID
YHUWH[LVVHWWRDQGWKHFOXVWHUQXPEHULVVHWWRE\RXUSUHDQDO\VLV
,Q JHQHUDO WKHUH DUH WKUHH HYDOXDWLRQPHWULFV RI FOXVWHULQJ UHVXOWFRYHUDJHSUHFLVLRQ DQG FRPELQHG






































EURXJKW IRUZDUG>a@ 7DSDV .DQXQJR HW DO>@ JLYHV D GHWDLOHG LQWURGXFWLRQ WR WKH DQDO\VLV DQG
LPSOHPHQWDWLRQRI.0($16FOXVWHULQJDOJRULWKP+XL;LRQJHWDO>@LQYHVWLJDWHVKRZGDWDGLVWULEXWLRQV
FDQKDYHLPSDFWRQWKHSHUIRUPDQFHRI.PHDQVFOXVWHULQJDQGSURYLGHVDQHFHVVDU\FULWHULRQWRYDOLGDWH
WKH FOXVWHULQJ UHVXOWV LH WKH FRHIILFLHQW RI YDULDWLRQ&9 3DYDQ DQG 3HOLOOR>@ SUHVHQW D QHZ JUDSK
WKHRUHWLFDSSURDFKIRUFOXVWHULQJDQGVHJPHQWDWLRQ,QGHUMLW6'KLOORQHWDO>@GHYHORSVDIDVWKLJKTXDOLW\
PXOWLOHYHO DOJRULWKP WKDW GLUHFWO\ RSWLPL]HVYDULRXVZHLJKWHG JUDSK FOXVWHULQJ REMHFWLYHV WR DFKLHYH WKH
ZHLJKWHG JUDSK FXWVZLWKRXW HLJHQYHFWRUV5XL;X DQG'RQDOG:XQVFK ,,>@ VXUYH\ WKH VFRSHRI FOXVWHU
DQDO\VLV SRSXODU FOXVWHULQJ DOJRULWKPV DQG WKHLU DSSOLFDWLRQV LQ VRPH EHQFKPDUN GDWD VHWV DQG GLVFXVV
VHYHUDOWLJKWO\UHODWHGWRSLFVOLNHSUR[LPLW\PHDVXUHDQGFOXVWHUYDOLGDWLRQ$OORIWKHVHZRUNVDUHFODVVLF






K\SHUJUDSKFOXVWHULQJDOJRULWKP WRSURFHVV WKHQHWZRUN VHFXULW\ ORJ DQG LPSURYHG WKHDOJRULWKPZLWKD
V\QWKHWLFPHDVXUH RI K\SHUHGJHZHLJKW DQG WZR RSWLPL]DWLRQ IXQFWLRQV RI FOXVWHULQJ UHVXOW WR SURYLGH D
GDWDDQDO\]LQJPHWKRGIRULQWUXVLRQGHWHFWLQJDQGDFWLYHIRUHZDUQLQJRIQHWZRUNV\VWHP7KHH[SHULPHQWDO
UHVXOWVKRZHGWKHRSWLPL]HGDOJRULWKPKROGVKLJKHUFRYHUDJHDQGSUHFLVLRQWKDQWKHRULJLQDODOJRULWKP,Q
WKH IXWXUH ZH ZLOO VWXG\ KRZ WR VHW YDULRXV SDUDPHWHUV RI WKH K\SHUJUDSK FOXVWHULQJ DOJRULWKP ZLWK
PDFKLQHOHDUQLQJWKHRU\
$FFRUGLQJWRWKHH[SHULPHQWDOUHVXOWVWKHSUHFLVLRQRIWKHRSWLPL]HGDOJRULWKPLVREYLRXVO\KLJKHUWKDQ
WKH RULJLQDO DOJRULWKP DQG WKH FRYHUDJH RI WKH RSWLPL]HG DOJRULWKP LV D OLWWOH KLJKHU WKDQ WKH RULJLQDO
DOJRULWKP7KHH[SHULPHQWDO UHVXOWVSURYH WKHJRRGHIIHFWLYHQHVVRI WKH V\QWKHWLFPHDVXUHRI K\SHUHGJH
ZHLJKWDQGWZRRSWLPL]DWLRQIXQFWLRQVRIFOXVWHULQJUHVXOW
$FNQRZOHGJPHQW
7KH UHVHDUFK ZRUN RI WKLV SDSHU ZDV VXSSRUWHG E\ WKH  $QQXDO )XQGLQJ 3URMHFW RI %DRGLQJ
$VVRFLDWLRQRI6RFLHW\DQG6FLHQFH1RZHZRXOGOLNHWRUHSUHVHQWRXUWKDQNVKHUH
5HIHUHQFHV
>@ 0 3DYDQ DQG0 3HOLOOR $ QHZ JUDSKWKHRUHWLF DSSURDFK WR FOXVWHULQJ DQG VHJPHQWDWLRQ ,((( &RPSXWHU 6RFLHW\
&RQIHUHQFHRQ&RPSXWHU9LVLRQDQG3DWWHUQ5HFRJQLWLRQ
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'LPHQVLRQDO'DWD7HFKQLFDO5HSRUW
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